We aimed to examine the frequency of high-dose (defined as mean chlorpromazine mg equivalent doses above 1000) antipsychotic prescriptions in schizophrenia and their clinical correlates in the context of a comparison between studies in 2001 and 2004 within six East Asian countries and territories.
• High-dose antipsychotic use in schizophrenia has been a topic of continuous debate since the introduction of the first antipsychotic in the 1950s. • There are reasons arguing for (such as pharmacokinetic reasons for the possible use of high antipsychotic doses in those with genetic polymorphisms associated with unusually high metabolic rates and the presence of inducers such as co-prescriptions of other medications and smoking) and against high-dose antipsychotic use (such as the pharmacokinetic understanding that Asians may need lower antipsychotic doses, the association of high antipsychotic doses with more frequent adverse effects, and receptor occupancy data from neuroimaging studies). • There is increasing awareness of the need for more practice-based research in order to highlight discrepancies between the empirical data and clinical practice.
WHAT THIS STUDY ADDS
• There was an overall significant decrease in the frequency of high-dose antipsychotic use from 17.9% in 2001 to 6.5% in 2004 within East Asia. • The association of high antipsychotic doses with demographic, psychopathological and treatment variables identified the clinical profile of schizophrenia patients who are at risk of receiving high antipsychotic doses. • These findings provide information and impetus for clinicians to constantly monitor the drug regimes and to foster rational, evidence-based prescribing practices.
Introduction
The benefit of high-dose antipsychotic use in schizophrenia has been a topic of continuous debate since the introduction of the first antipsychotic in the 1950s [1] . Whereas earlier reports had supported the administration of higher antipsychotic doses in schizophrenia [2, 3] , later studies found that the dose-benefit relationships decreased with higher doses [4] and further proposed the use of lowest effective dose in the context of regular monitoring of safety and clinical efficacy parameters [5] . In the PORT guidelines, Lehman et al. [6] recommended that the antipsychotic dose used in the treatment of schizophrenia should remain within the range of 300-1000 mg daily chlorpromazine (CPZ) equivalent doses, prompting pharmacoepidemiological studies to evaluate the prevalence and prescription patterns of high-dose antipsychotic use in different psychiatric settings. Such studies in Europe and the USA have revealed that high-dose antipsychotic use is not an uncommon practice, with rates varying from 15.4 to 41% [7] [8] [9] . In comparison, prescription practices regarding high-dose antipsychotic use have been relatively understudied in Asia, particularly in terms of changing trends over time and their clinical correlates, save for three studies. Suzuki et al. [10] found that up to 81% of their study cohort of Japanese patients with chronic schizophrenia received daily antipsychotic doses exceeding 1000 mg mean daily CPZ equivalents. Covering six countries and territories within East Asia, Sim et al. [11] found high-dose antipsychotic prescription in 17.9% of their sample. High antipsychotic doses were associated with certain demographic features (e.g. younger age), psychopathology (e.g. delusions) and other treatment characteristics (e.g. administration of depot medications). In this study, we set out (i) to examine the frequency of high-dose antipsychotic prescriptions (defined as mean daily CPZ equivalent doses >1000 mg) in patients with schizophrenia, (ii) to evaluate clinical correlates of highdose antipsychotic use and (iii) to determine changes of prescription trends of high-dose antipsychotics between the two time periods (2001 and 2004) when such studies were conducted. Based on clinical observations, we hypothesized that there was a decrease in the use of highdose antipsychotics over this time period (2001) (2002) (2003) (2004) in East Asia.
Methods

Study design and participants
The Research on East Asia Psychotropic Prescription (REAP) study is an ongoing pharmacoepidemiological study of real-life prescription trends associated with psychotropic drugs in schizophrenia inpatients within East Asia. The study was initiated in July 2001 and conducted in six East Asian countries and territories (China, Hong Kong, Japan, Korea, Singapore and Taiwan). The details of the REAP study have been described previously [11, 12] and are summarized below.
In July 2001, a cross-sectional study was conducted on a sample of 2399 consecutively admitted inpatients [of whom 55.9% (n = 1340) were male] with schizophrenia in six East Asian countries and territories (China, Hong Kong, Japan, Korea, Singapore and Taiwan) using a standardized protocol. The study with the same design was conducted in July 2004 involving 2136 inpatients [of whom 57.2% (n = 1222) were male] with schizophrenia in the same sites in the six countries and territories. Consensus meetings were held at various sites before the study to discuss issues related to data collection and the uniformity of data entry. Participating patients fulfilled the diagnostic criteria for schizophrenia according to the International Classification of Disease, 10th edn (ICD-10) [13] or the 4th version of the Diagnostic and Statistical Manual of Mental disorders (DSM-IV) [14] . Patients with clinically significant medical conditions or active psychotic symptoms related to comorbid substance use disorders were excluded.
The data collected by psychiatrists were basic sociodemographic information and clinical characteristics including psychopathology and prescription of all psychotropic drugs. Depot antipsychotics given within 30 days of admission were also documented. Daily doses of antipsychotics, including depot preparates, were converted to approximate daily mean chlorpromazine mg equivalents (CPZeq) using standard guidelines ( [15] [16] [17] ; see Table 1 ). For statistical analysis, the total daily antipsychotic doses were divided into two categories, namely (i) those patients receiving Յ1000 mg day -1 daily mean CPZeq, and (ii) those receiving >1000 mg day -1 CPZeq of antipsychotic medications. The study was approved by the Institutional Research Boards of all the coordinating and funding centres.
Table 1
Commonly used antipsychotics and their chlorpromazine equivalents (CPZeq) in milligrams per day (mg day -1 )* 
Results
Demographic/clinical features and comparison across 2001 and 2004
The basic sociodemographic characteristics of the study population in 2001 and 2004 are shown in Table 2 . Overall, in 2004, the mean age (SD) of the study population was 43.09 (14.16) years and the gender distribution was 57.2% male (n = 1222) and 42.8% female (n = 914). Cases of first admission constituted 21.1% (n = 451) of the study sample in 2004. In 2004, high-dose antipsychotics were prescribed in 6.5% (n = 139) of the study sample and the total mean (SD) daily antipsychotic dose was 482.41 (413.78) mg CPZ equivalents. In addition, the total mean (SD) daily antipsychotic doses in 2004 for those on lower and higher antipsychotic doses were 397.43 (240.20) and 1505. 16 (637.64) mg CPZ equivalents, respectively. Comparing across the 2001 and 2004 samples, there were no significant differences in terms of age and gender. However, for the whole sample, there was a significant decrease in the rates of high-dose antipsychotic use, from 17.9% in 2001 to 6.5% in 2004 (OR 0.32, 95% CI 0.26, 0.39, P < 0.001). In terms of regions, this decrease was significant in Japan (OR 5.88, 95% CI 4.23, 8.16, P < 0.001), Korea (OR 2.38, 95% CI 1.59, 3.55, P < 0.001) and Singapore (OR 3.54, 95% CI 1.48, 8.50, P = 0.002).
The overall mean (SD) daily antipsychotic dose decreased from 672.86 (645.41) mg CPZ equivalents in 2001 to 482.41 (413.78) mg CPZ equivalents by 2004 (t = 10.97, d.f. = 4533, P < 0.001). The decrease was particularly prominent in Japan (t = 10.84, d.f. = 1208, P < 0.001), Korea (t = 6.12, d.f. = 852, P < 0.001) and Singapore (t = 2.27, d.f. = 389, P = 0.024). Overall depot antipsychotic use also decreased from 15.3% in 2001 to 10.4% by 2004 (OR 0.64, 95% CI 0.53, 0.76, P < 0.001). According to the regions, depot antipsychotics were less frequently prescribed in Taiwan (OR 0.41, 95% CI 0.27, 0.62, P < 0.001), in contrast to a significant increase in their use in Hong Kong (OR 1.37, 95% CI 1.22, 1.54, P < 0.001), whereas there was no change in the other sites. When the antipsychotic dosages were divided into quintile distribution of total CPZ mg equivalents (0-200, 200-350, 351-525, 526-833, 833 and above CPZ mg equivalents), the same trend was observed in that higher antipsychotic doses above third quintile were less commonly used in 2004 compared with 2001 ( Figure 1 ). The list of 10 common antipsychotics (including first-and second-generation antipsychotics), their absolute doses and chlorpromazine equivalents across 2001 and 2004 are shown in Table 3 .
Clinical correlates of high-dose antipsychotic use in 2004
There was no difference between patients receiving and not receiving high-dose antipsychotic medications with respect to age and gender (Table 4 ). Patients who received high-dose antipsychotics were less likely to be first admissions, more likely to have positive psychotic symptoms and less likely to have negative symptoms. Patients with aggressive behaviour were likely to be in receipt of high antipsychotic doses. With regard to the type of antipsychotics prescribed, patients on high-dose antipsychotics were more likely to be given first-generation and less likely to receive second-generation antipsychotics. They were also more likely to be on more than one antipsychotic drug and complain of constipation.
Factors associated with high-dose antipsychotic use
Using multivariate regression analyses, in 2004 high-dose antipsychotic use was associated with younger age, multiple admissions to hospital, presence of delusions as well as the prescription of first-generation antipsychotics in 2004 ( Table 5 ). Inclusion of 2001 and 2004 within the analyses revealed that prescription of high-dose antipsychotics was further predicted by study region, the time of study (2001), use of depot and more than one antipsychotic in the treatment regime ( Table 6 ).
Discussion
There are several findings from this study. First, there was an overall significant decrease in the frequency of high-dose antipsychotic use from 2001 to 2004, confirming our hypothesis that was based on clinical impressions. Second, in 2004 high-dose antipsychotic use was associated with clinical (multiple admissions, positive psychotic symptoms, physical aggression) and treatment variables (more firstgeneration and less second-generation antipsychotics and antipsychotic polytherapy). Third, using multivariate regression modelling in the overall sample and pooling data from 2001 and 2004, significant associations of highdose antipsychotic prescription included younger age, region and time of study, use of depot and first-generation antipsychotics and antipsychotic polytherapy. The frequency of high-dose antipsychotic use (6.5% in 2004), although significantly lower than in 2001, highlighted the fact that this is not necessarily an uncommon practice in East Asia. However, notably, this rate is lower than the findings of most European and American studies, which range from 15.4 to 41% [7] . Barbui et al. [7] found that high-dose antipsychotics were prescribed to 15.4% of their study population in Italy, which comprised all psychiatric inpatients, including those with diagnosis of schizophrenia spectrum disorders. In another study involving four European sites (Croydon, Leipzig, Amsterdam and Verona), up to 28% of patients with schizophrenia received high doses of antipsychotics [18] . Similarly, Diaz et al. [8] found that between 27 and 41% of schizophrenia patients in state psychiatric hospitals received high antipsychotic doses. Comparison of the frequency of high-dose antipsychotic prescriptions across studies needs to take certain factors into consideration, including the type of patients (schizophrenia vs. inpatients with other psychiatric diagnoses), definition of what constitutes a high-dose antipsychotic (e.g. PORT guidelines vs. definition by the World Health Organization) [6, 19] as well as the different study sites with their general socio-cultural and specific psychiatric traditions and economic situation as major factors determining antipsychotic prescriptions.
Our earlier study had documented wide variations of high-dose antipsychotic prescription practices with respect to countries within East Asia, varying from 3.7% in Hong Kong to a maximum of 36.5% in Japan [11] . In comparison, this range narrowed by 2004, with rates varying from 1% in Hong Kong to a maximum of 9.7% in Korea. There are reasons arguing against high-dose antipsychotic use. These arguments include the pharmacokinetic understanding that Asians may need lower antipsychotic doses [20] , the association of high antipsychotic doses with more frequent adverse effects [21] , worsening cognitive function [22] , and higher mortality [23] . In addition, the lack of evidence for administering high antipsychotic doses has come from positron emission tomography neuroimaging studies [24] [25] [26] and was further suggested by their negative impact on patient's adherence with these drugs [27] . However, recent data from pharmacological and clinical studies have suggested a possible rationale for the use of higher antipsychotic doses in a subset of schizophrenia High-dose antipsychotic use in schizophrenia patients. In the CATIE study [28] , olanzapine given at >50% upper limit was superior to lower doses in several parameters, including lower frequencies and longer time of all cause discontinuation, discontinuation due to lack of efficacy and patients' decision, shorter duration for hospitalization due to illness exacerbation, and longer duration of effective treatment. The CATIE findings suggest that certain antipsychotic doses at higher than those recommended may be beneficial in certain cases at some point in the course of the illness [29] . Higher antipsychotic doses may be needed in more severe illness and in manifestations of hostility [26] , such as the association with physical aggression as found in this study. Botts et al. [30] also pro-posed pharmacokinetic reasons for the possible use of high antipsychotic doses such as in those with genetic polymorphism variations associated with unusually high metabolic rates and the presence of inducers such as co-prescriptions of other medications and smoking. The association of high antipsychotic doses with younger age in this study is consistent with the findings of other studies [8, 9] . Valenstein et al. [9] surveyed the prescription patterns for 936 veterans with schizophrenia across 14 facilities and found that high antipsychotic doses were associated with the age range of 21-44 years. Similarly, Diaz et al. [8] reported that high antipsychotic doses were more prevalent under the age of 56 years. The lack of impact of gender on prescribing high-dose antipsychotics in this study is in contrast with that of other investigations, which found such an association with either male [7] or female schizophrenia patients [31] . High antipsychotic doses were more likely to be associated with delusions and hallucinations, but not negative symptoms in this study. These findings confirm those of earlier studies that reported similar relationships with positive psychotic symptoms, but not negative symptoms [7] . Barbui et al. [7] noted that high antipsychotic doses were related to a greater severity of psychopathology.The severity of symptoms frequently persists even at 3 months after the patients' discharge from hospital [32] . This behoves clinicians to monitor the clinical status of their patients regularly and to re-evaluate the basis for the continued use of high antipsychotic doses.
In terms of the characteristics of the treatment regime, prescription of high antipsychotic doses was associated with that of first-generation antipsychotics including depot antipsychotics as well as less use of secondgeneration antipsychotics that could possibly be related to the limited availability of depot preparations of secondgeneration antipsychotics. Depot antipsychotic administration increased the odds of high antipsychotic dose by 30 in 293 schizophrenia inpatients from four New York hospitals [33] . More recently, Barbui et al. [17] in their study of 375 patients with schizophrenia in Europe found that persistence of high antipsychotic doses was associated with the concurrent use of first-and second-generation antipsychotics at baseline, replicating earlier observations [34, 35] that antipsychotic polytherapy is also a risk factor for high-dose antipsychotic use. Our study has confirmed that antipsychotic polytherapy is associated with high antipsychotic doses in our study population.
There was a significant decrease of high-dose antipsychotic prescriptions between 2001 and 2004 in Japan, Korea and Singapore, in addition to the use of lower total daily antipsychotic doses during the same period. Several High-dose antipsychotic use in schizophrenia reasons may be posited for these changes. First, involvement of the clinicians in the two studies may have an impact on the prescription practices in their settings. Second, the publicity generated by the REAP studies through local scientific symposia, presentations at international conferences and journal publications may have enhanced clinicians' familiarity with rational prescription practices [36] . Third, more frequent use of secondgeneration antipsychotics, made possible by increased healthcare funding for these medications, might lower the total daily antipsychotic doses, leading to the decrease in overall high-dose antipsychotic prescriptions. Strategies to enhance rational prescribing patterns include peersupported educational programmes [37] , careful evaluation and monitoring of local practices, consideration of dose reduction [10] or dose optimization in appropriate cases [38] , repeated comparative examinations of local and international prescription practices over time and conveying the findings to clinicians [39]. There were a few limitations to this study. First, the lack of use of standardized rating instruments did not allow the quantification of the severity of psychopathology or the adverse effects. Second, the heterogeneity of the healthcare systems and the different focus on hospitalization in the different sites might also limit the generalizability of these findings to other healthcare settings, including patient populations with schizophrenia that are managed in the community.Third, other factors influencing prescription practices, such as structure of the healthcare systems, funding mechanisms, past experiences and perceptions of clinicians towards high-dose antipsychotic use, were not evaluated.
Despite the above limitations, to the best of our knowledge this is the first study to examine changes in prescription practices of antipsychotics and report a significant decrease of high-dose antipsychotic use over time and their clinical correlates in East Asia. The association of high antipsychotic doses with demographic, clinical and treatment variables allows a better appreciation of patients who are at risk of receiving high antipsychotic doses, their clinical profiles as well as the characteristics of their treatment regimes. This should provide the impetus for clinicians to constantly monitor drug regimes, keep abreast of new developments in the literature and strive for rational prescribing practices in the context of real clinical situations and evidence-based medicine.
